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METHOD OF REDUCING LEAKAGE 
CURRENT OF A SEMICONDUCTOR WAFER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method of reducing 
leakage current of a semiconductor Wafer, and more 
particularly, to a method of etching to reduce leakage current 
of a semiconductor Wafer. 

2. Description of the Prior Art 
In the ?eld of semiconductor production technology, the 

measurement of leakage current is a necessary testing tool. 
The magnitude of the leakage current closely relates to 
either the lifetime or the current generation rate of the 
minority carriers. Any defects or damage in the depletion 
bulk causes an increase of the leakage current. 

Please refer to FIG. 1 to FIG. 3. FIG. 1 to FIG. 3 are 
schematic diagrams of a self-aligned silicide (salicide) pro 
cess according to the prior art. In the prior art method, 
salicide is formed on a semiconductor Wafer 10, the semi 
conductor Wafer 10 comprising a silicon substrate 12, an 
active area 16 positioned on the silicon substrate 12, and a 
?eld oXide (FOX) layer 18 positioned on the surface of the 
silicon substrate 12. The FOX layer 18 comprises a bird’s 
beak structure 20 that surrounds the active area 16. 

As shoWn in FIG. 1, an ion implantation process is 
performed to form a P-type doped area 22 in the silicon 
substrate 12 and Within the active area 16, and then a silicon 
oXide layer 24 is deposited on the surface of the semicon 
ductor Wafer 10. A photolithographic process is performed 
to form a photoresist layer 26, and a salicide block (SAB) 
mask is used to de?ne a region for the salicide layer. 
As shoWn in FIG. 2, a dry etching process is performed 

after the photolithographic process to remove the silicon 
oXide layer 24 not covered by the photo resist layer 26, and 
then the photo-resist layer 26 is removed completely. In a 
traditional dry etching process, the range of the top poWer is 
about 700 Watts. As shoWn in FIG. 3, a salicide process is at 
last performed to form a salicide layer 28 on the surface of 
the P-type doped area 22. 

After the salicide process ?nished, hoWever, a high value 
of leakage current is measured When a Wafer acceptance test 
(WAT) is performed at the test key of the P-type doped area 
22/N-Well 14. This is due to the high top poWer of 700 Watts 
of the dry etching process, Which destroys the edges of the 
active region, and sinking of the silicon substrate 12 occurs 
near the bird’s beak structure 20. The occurrence of so many 
lattice defects induces the leakage current. Additionally, the 
same problems happen to the test key of an N-type doped 
area/P-Well. But the salicide layer 28 on the surface of the 
P-type doped area 22/N-Well 14 is less uniform, so the 
leakage current value of the P-type doped area 22/N-Well 14 
is higher than that of an N-type doped area/P-Well. 

For dynamic random access memory (DRAM) products, 
a higher value of the leakage current results in a faster loss 
of signals in a DRAM cell and a shortened refresh time, and 
hence a DRAM cell is less steady and electricity is Wasted. 

SUMMARY OF THE INVENTION 

It is therefor an object of the present invention to provide 
a method of reducing leakage current of the doped area on 
a semiconductor Wafer. 

In a preferred embodiment, the present invention provides 
a method of reducing leakage current of a semiconductor 
Wafer, The semiconductor Wafer comprises a silicon 
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2 
substrate, an active area positioned on the silicon substrate, 
and a ?eld oXide layer positioned on the surface of the 
silicon substrate surrounding the active area. According to 
the present invention, a doped area is formed in the silicon 
substrate and Within the active area, and a dielectric layer is 
deposited on the semiconductor Wafer. Then, a dry etching 
process is performed to remove the dielectric layer. The top 
poWer of the dry etching process ranges betWeen three 
hundred and ?ve hundred Watts to prevent damage to the 
silicon substrate near the ?eld oXide layer and Within the 
active area, and so the leakage current is reduced. 

In a second embodiment, the present invention performs 
a Wet etching process to remove the dielectric layer after the 
dielectric layer is deposited. An anisotropic physical impact 
to the silicon substrate near the ?eld oXide layer is 
prevented, and sinking of the salicide layer near the ?eld 
oXide layer is also prevented. As a result, the leakage current 
of the doped area is reduced. 

In a third embodiment, a dry etching process is performed 
after the dielectric layer is deposited to etch the dielectric 
layer to a predetermined height. Then, a Wet etching process 
is performed to remove the dielectric layer. An anisotropic 
physical impact on the silicon substrate near the ?eld oXide 
layer is prevented. The dry etching process is performed to 
shorten the reaction time of the Wet etching process. 

It is an advantage of the present invention that it prevents 
an anisotropic physical impact on the silicon substrate near 
the ?eld oXide layer by a dry etching process With a loW 
poWer, or by a Wet etching process. Sinking in the neigh 
borhood of the ?eld oXide layer is prevented, and hence the 
leakage of the doped area is reduced. 

These and other objectives of the present invention Will 
no doubt become obvious to those of ordinary skill in the art 
after reading the folloWing detailed description of the pre 
ferred embodiment, Which is illustrated in the various ?g 
ures and draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 to FIG. 3 are schematic diagrams of a prior art 
method of a salicide process. 

FIG. 4 to FIG. 6 are schematic diagrams of a method to 
reduce leakage current of a semiconductor Wafer according 
to the present invention. 

FIG. 7 is a schematic diagram of the leakage current 
comparison betWeen the prior art salicide process and the 
present invention salicide process. 

FIG. 8 is a schematic diagram of the third embodiment 
according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Please refer to FIG. 4 to FIG. 6. FIG. 4 to FIG. 6 are 
schematic diagrams of a method to reduce leakage current of 
a semiconductor Wafer 30 according to the present inven 
tion. The semiconductor Wafer 30 comprises a silicon sub 
strate 32, an N-Well 34 positioned on the surface of the 
silicon substrate 32, an active area 36 positioned on the 
silicon substrate 32, and a ?eld oXide (FOX) layer 38 
positioned on the surface of the silicon substrate 32. The 
FOX layer 38 comprises a bird’s beak structure 40 that 
surrounds the active area 36. 

As shoWn in FIG. 4, the present invention salicide process 
performs an ion implantation process or a thermal diffusion 
process to form a P-type doped area 42 in the silicon 
substrate 32 and Within the active area 36. Then, an LPCVD 
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process is performed utilizing tetra-ethyl-ortho-silicate 
(TEOS) to deposit a silicon oxide layer 44 on the surface of 
the semiconductor Wafer 30. The thickness of the silicon 
oXide layer 44 is about 500 angstroms, and different thick 
nesses of the silicon oXide layer 44 may be deposited 
depending on the process needs. A photolithographic pro 
cess is performed to form a photoresist layer 46, and a 
salicide block (SAB) mask is used to de?ne a region of the 
salicide layer. 
As shoWn in FIG. 5, a dry etching process is performed 

after the photolithographic process to remove the silicon 
oXide layer 44 not covered by the photoresist layer 46. The 
top poWer of the dry etching process is about three hundred 
to ?ve hundred Watts according to the present invention, and 
the gases used comprise carbon tetra?uoride (CF4) gas, 
carbon tri?uoride (CHF3) gas and argon gas. The How 
rate of the carbon tetra?uoride gas ranges betWeen thirty 
?ve and forty-?ve sccm (standard cubic centimeter per 
minute). The How rate of the carbon tri?uoride gas ranges 
betWeen tWenty-?ve and thirty-?ve sccm. The How rate of 
the argon gas ranges betWeen eight hundred and one thou 
sand sccm. In the dry etching process, the photoresist layer 
46 is then removed completely. As shoWn in FIG. 6, a 
salicide process is at last performed to form a salicide layer 
48 on the surface of the P-type doped area 42. 

Please refer to FIG. 7. FIG. 7 is a schematic diagram of 
a leakage current comparison betWeen the prior art salicide 
process and the present invention salicide process. As shoWn 
in FIG. 7, there is about a one to tWo orders of magnitude 
decrease of the leakage current of the P-doped area 42/N 
Well 34 according to the present invention compared to the 
P-doped area 22/N-Well 14 of the prior art. In addition, 
nearly seventy percent of the leakage current of the P-doped 
area 42/N-Well 34 is less than 1x10‘9 Amperes In 
contrast, less than ten percent of the leakage current of the 
P-doped area 22/N-Well 14 of the prior art is less than 
1x10‘9 A. 

It has been determined that the top poWer range of the dry 
etching process according to the present invention ef?ciently 
prevents damages of the silicon substrate 32 near the ?eld 
oXide layer 38 and Within the active area 36 during the dry 
etching process. As a result, leakage current of the P-type 
doped area 42 is reduced. 

The second embodiment has a similar manufacturing 
process With the above process. The difference is that the 
second embodiment performs a Wet etching process after the 
photolithographic process. Hydro?uoric acid or dilute 
hydro?uoric acid (DHF) is used in the Wet etching process 
to remove the silicon oXide layer 44 not covered by the 
photoresist layer 46. An anisotropic physical impact on the 
bird’s beak structure 40 and on the silicon substrate 32 near 
the bird’s beak structure 40 is completely prevented because 
the second embodiment uses a Wet etching process to 
replace the dry etching process. So sinking of the salicide 
layer 48 near the bird’s beak structure 40 is prevented, and 
simultaneously the salicide layer 48 is prevented from being 
too close to the P-type doped area 42/N-Well 34 edge, Which 
reduce the leakage current of the P-type doped area 42. 

Please refer to FIG. 8. FIG. 8 is a schematic diagram of 
the third embodiment according to the present invention. As 
shoWn in FIG. 8, the third embodiment of the present 
invention performs a dry etching process betWeen the pho 
tolithographic process and the Wet etching process in the 
second embodiment. The dry etching process etches the 
silicon oXide layer 44 to a predetermined height to reduce 
the reaction time of the folloWing Wet etching process. 
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4 
It is a feature of the present invention to use a loW poWer 

dry etching process or a Wet etching process to prevent an 
anisotropic physical impact on the silicon substrate 32 near 
the ?eld oXide layer 38. Hence, sinking of the salicide layer 
48 near the bird’s beak structure is prevented, the salicide 
layer 48 is prevented from being too close to the P-type 
doped area 42/N-Well 34 edge, and the leakage current of the 
P-type doped area 42/N-Well 34 is reduced as a result. 

In contrast to the prior art salicide process, the method of 
the present invention reduces by one to tWo orders of 
magnitude of the leakage current of the P-type doped 
area/N-Well. Hence, the present invention prevents the rapid 
loss of signals in a DRAM cell, or improves the signal-to 
noise ratio of the sensors. 

Those skilled in the art Will readily observe that numerous 
modi?cations and alterations of the device may be made 
While retaining the teachings of the invention. Accordingly, 
the above disclosure should be construed as limited only by 
the metes and bounds of the appended claims. 
What is claimed is: 
1. A method of reducing leakage current of a semicon 

ductor Wafer, the semiconductor Wafer comprising a silicon 
substrate, an active area positioned on the silicon substrate, 
and a ?eld oXide (FOX) layer positioned on the silicon 
substrate surrounding the active area, the method compris 
ing: 

forming a doped area in the silicon substrate Within the 
active area; 

depositing a dielectric layer on the semiconductor Wafer; 
performing a dry etching process to remove at least a 

portion of the dielectric layer to expose the surface of 
the silicon substrate in the active area, and ranging the 
top poWer of the dry etching process to betWeen three 
hundred and ?ve hundred Watts; and 

performing a self-aligned silicide (salicide) process to 
form a self-aligned silicide layer on the surface of the 
doped area; 

Wherein the top poWer range de?ned in the dry etching 
process prevents the dry etching process from destroy 
ing the silicon substrate adjacent to the ?eld oXide layer 
and Within the active area, and hence reduces leakage 
current of the doped area. 

2. The method of claim 1 Wherein a photolithographic 
process is performed betWeen the deposition process of the 
dielectric layer and the dry etching process, the photolitho 
graphic process de?ning a region of the salicide layer 
utiliZing a salicide block (SAB) mask. 

3. The method of claim 1 Wherein carbon tetra?uoride 
(CF4) gas, carbon tri?uoride (CHF3) gas and argon gas 
are used in the dry etching process. 

4. The method of claim 3 Wherein the How rate of the 
carbon tetra?uoride gas ranges betWeen thirty-?ve and forty 
?ve sccm (standard cubic centimeter per minute), the How 
rate of the carbon tri?uoride gas ranges betWeen tWenty-?ve 
and thirty-?ve sccm, and the How rate of the argon gas 
ranges betWeen eight hundred and one thousand sccm. 

5. The method of claim 1 Wherein the doped area is a 
P-type doped area, and the top poWer range de?ned in the 
dry etching process may prevent the salicide layer from 
being too close to the sideWall edge of the P-type doped area 
to reduce the leakage current. 

6. The method of claim 5 Wherein the semiconductor 
Wafer comprises an N-type Well (N-Well) positioned on the 
silicon substrate and beloW the P-type doped area. 

7. The method of claim 1 Wherein the dielectric layer is a 
silicon oXide layer. 
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8. The method of claim 7 wherein the silicon oxide layer 
is formed by a loW pressure chemical vapor deposition 
(LPCVD) process using tetra-ethyl-ortho-silicate (TEOS). 

9. The method of claim 7 Wherein the thickness of the 
silicon oXide layer is about 500 angstroms 

10. A method of reducing leakage current of a semicon 
ductor Wafer, the semiconductor Wafer comprising a silicon 
substrate, at least one active area positioned in a region of 
the silicon substrate, and a FOX layer positioned on the 
surface of the silicon substrate, the FOX layer comprising a 
bird’s beak structure surrounding the active area, the method 
comprising: 

forming a doped area in the silicon substrate Within the 
active area; 

depositing a dielectric layer on the semiconductor Wafer; 

performing a photolithographic process to de?ne a pre 
determined region of a self-aligned silicide (salicide) 
layer utiliZing a salicide block (SAB) mask; 

performing a dry etching process to etch the dielectric 
layer to a predetermined height; 

performing a Wet etching process to remove the remaining 
dielectric layer in the predetermined region to eXpose 
the surface of the silicon substrate; and 

performing a salicide process to form a salicide layer on 
the surface of the predetermined region; 

Wherein the dry etching process reduces the reaction time 
of the Wet etching process, and the Wet etching process 
prevents an anisotropic physical impact on the bird’s 
beak structure and on the silicon substrate neighboring 
the bird’s beak structure, Which prevents sinking of the 
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salicide layer near the bird’s beak structure, and hence 
reduces leakage current of the doped area. 

11. The method of claim 10 Wherein carbon tetra?uoride 
(CF4) gas, carbon tri?uoride (CHF3) gas and argon gas 
are used in the dry etching process. 

12. The method of claim 11 Wherein the flow rate of 
carbon tetra?uoride gas ranges betWeen thirty-?ve and forty 
?ve sccm (standard cubic centimeter per minute), the flow 
rate of the carbon tri?uoride gas ranges betWeen tWenty-?ve 
and thirty-?ve sccm, and the flow rate of the argon gas 
ranges betWeen eight hundred and one thousand sccm. 

13. The method of claim 10 Wherein the doped area is a 
P-type doped area, and the Wet etching process may prevent 
the salicide layer from being too close to the sideWall edge 
of the P-type doped area to reduce the leakage current. 

14. The method of claim 13 Wherein the semiconductor 
Wafer comprises an N-type Well(-Well) positioned on the 
silicone substrate beloW the P-type doped area. 

15. The method of claim 10 Wherein the dielectric layer is 
a silicon oXide layer. 

16. The method of claim 15 Wherein the silicon oXide 
layer is formed by a loW pressure chemical vapor deposition 
(LPCVD) process using tetra-ethyl-ortho-silicate (TEOS). 

17. the method of claim 15 Wherein the thickness of the 
silicon oXide layer is about 500 angstroms 

18. The method of claim 10 Wherein a hydro?uoric acid 
solution is used in the Wet etching process. 

19. The method of claim 10 Wherein a diluted hydro?uo 
ric acid (DHF) solution is used in the Wet etching process. 

* * * * * 


